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ImmunohistochemistryA case of gastric carcinoma showing shadow cell differentiation (SCD) in metastatic regional lymph nodes was
presented. The tumor histologically revealed features of poorly differentiated adenocarcinoma with focal
squamoid components. Themetastatic lymph node lesion exhibited similar histological features andwas partial-
ly intermingled with shadow cell nests (SCNs) that were reminiscent of those seen in cutaneous pilomatricoma
(PMX). Immunohistochemically, tumor cells around SCNs exhibited nuclear accumulation of beta-catenin and
similar staining patterns for apoptosis-relatedmolecules as those observed in PMX. This is the ﬁrst report of gas-
tric carcinomawith SCD and re-conﬁrmed the common characteristics of carcinomawith SCD, such as modes of
cell death and nuclear accumulation of beta-catenin.t in t
ria re
. This
ic ca
6.03© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Shadow cells are morphologically characterized, specialized
keratinized cells differentiating toward the hair matrix [1]. A shadow
cell nest (SCN) is a characteristic histological feature commonly
found in cutaneous pilomatricoma (PMX), craniopharyngioma, and
odontogenic cysts [2], while it is rarely observed in some gonadal
teratomatous tumors [3,4]. Extracutaneous and non-teratomatous
carcinomas with shadow cell differentiation (SCD) are extremely
rare and have been reported to arise from the endometrium [5,6],
ovary [7], colon [5,8], lung [9], gallbladder [10] and urinary bladder
[11,12]. However, there have been no reports of gastric carcinoma
(GC) exhibiting SCD, as far as we know. This paper presents the
ﬁrst case of GC exhibiting SCD found in lymph node metastatic foci.
The histogenesis as well as molecular pathogenesis of SCD is also
discussed.2. Case report
2.1. Clinical course
A 57-year-old Japaneseman noticed tarry stools and general fatigue.
Two months later, he visited a clinic and was diagnosed with anemia
(hemoglobin: 8.0 g/dL). A large, well-circumscribed ulcerated tumor
was found at the posterior wall of the lower gastric body by endoscopichis study.
quired by the institutional
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.004examination. A biopsy specimen exhibited a histopathological features
of poorly differentiated adenocarcinoma. He underwent a subtotal gas-
trectomy, reconstruction via the Roux-Y method, and regional lymph
node dissection. Six months later, multiple metastatic nodules were
found in the right lobe of his liver, and he underwent a partial hepatec-
tomy. During postoperative follow-up, other metastatic nodules ap-
peared in the residual lobe of the liver and lungs. He wanted to
undergo immunotherapy and was transferred to another hospital.
Thereafter, his clinical course has remained unknown.2.2. Pathological ﬁndings of the tumor
The primary lesion was a well-circumscribed ulcerated tumor that
measured 9.5 × 8.5 cm and was located in the greater curvature to pos-
terior wall of the gastric body (Fig. 1A). Histologically, the tumor was
partially necrotic and was composed of atypical neoplastic cells that
formed solid nests and partially exhibited trabecular or microglandular
patterns. Papillary or tubular growth patterns were not observed. Alto-
gether, these components suggested poorly differentiated adenocarci-
noma (Fig. 1B). Squamoid nests were intermingled among the
adenocarcinomatous components, and there were transitions between
the two (Fig. 1C). Immunohistochemical examination, however, re-
vealed only a small number of p63- and p40-positive cells in the
squamoid nests, indicating that this tumorwasnot adenosquamous car-
cinoma. SCNs found in the metastatic regional lymph node lesions de-
scribed below were not observed in the primary tumor, as far as we
examined. The tumor exhibited relatively expansive growth and in-
volved the entire gastric wall thickness, with partial exposure on the se-
rosal surface. Lymphatic and venous invasion was prominent.the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Fig. 1. (A) Gross appearance of gastric tumor. There is a huge, well-circumscribed tumor with central ulceration at the greater curvature to posterior wall of the gastric body.
(B)(C) Histology of gastric tumor, showing features of poorly differentiated adenocarcinoma with a squamoid component (H.E. stain).
2 T. Nakamura / Human Pathology: Case Reports xxx (2016) xxx–xxxMetastases were found in 7 regional lymph nodes. Although the his-
tological features were mostly similar to those of the primary tumor
(Fig. 2A), p63- and p40-immunoreactive tumor cells in the squamous
nests were more frequent than observed for the primary lesion
(Fig. 2B and C). Squamous components, however, were less than 10%
of the tumor, being not enough to suggest a diagnosis of
adenosquamous carcinoma. Among the squamous areas were
intermingled shadow cells,which formed nests orwere scattered in iso-
lation (Fig. 3). The shadow cells exhibited the same morphological fea-
tures as those in cutaneous PMX; they had preserved cell shapes with
eosinophilic cytoplasm and ghost-like nuclear contours. Some shadow
cells had apoptotic nuclei (Fig. 3, inset). Transitions between SCNs and
squamous components were often observed.Fig. 2.Metastatic tumor in the regional lymph node. (A) Histological features similar to those i
active for p63 (B) and p40 (C).
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Formalin-ﬁxed, parafﬁn-embedded tissue sections of stomach and
lymph nodes containing carcinoma were stained for beta-catenin,
single-stranded DNA (ssDNA), cleaved caspase-3, cleaved lamin A and
caspase-14, as previously described [12,13], to characterize SCD including
the modes of cell death. SCNs were not immunoreactive for any antigens
examined. Nuclear accumulation of beta-catenin (beta-catenin(N)) was
observed in areas of poorly differentiated adenocarcinoma in the primary
lesion aswell asmetastatic sites (Fig. 4A), whereasmembranous localiza-
tion of beta-catenin (beta-catenin(M)) was noted in some of the squa-
mous cells just adjacent to SCNs (Fig. 4A). Viable tumor cells around
SCNs were negative for cleaved caspase-3 (Fig. 4B), while some of themn the primary tumor (H.E. stain). (B)(C) Tumor cells in the squamous foci are immunore-
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Fig. 3. Shadow cell nests among the squamous components in themetastatic tumor. Shad-
owcells aremorphologically characterized by a preserved cell shapewith abundant eosin-
ophilic cytoplasm and ghost-like nuclear contour, in spite of dead cells. Inset: Arrows
indicate apoptotic nuclei in the shadow cells (H.E. stain).
3T. Nakamura / Human Pathology: Case Reports xxx (2016) xxx–xxxwere immunoreactive for cleaved lamin A (Fig. 4C) and/or ssDNA
(Fig. 4D). Apoptotic bodies just adjacent to SCNs were immunoreactive
for cleaved caspase-3, cleaved lamin A and ssDNA (Fig. 4B–D).
3. Discussion
As visceral carcinoma that exhibits SCD is rare, accumulation of such
cases is quite important. In the literature, there have been only 15 cases
of visceral carcinoma showing SCD except for gonadal/extragonadal
teratomatous tumors. Primary sites include the endometrium [5,6],
ovary [7], colon [5,8], lung [9], gallbladder [10] and urinary bladder
[11,12], while there have been no case reports of GC exhibiting SCD. As
SCD and conventional keratinization are not strictly differentiated inFig. 4. Immunohistochemicalﬁndings of gastric carcinomawith shadow cell differentiation (S: s
beta-catenin, while some cells revealmembranous localization (arrow). (B)–(D) The tumor cell
single-stranded DNA (D) (arrows). Apoptotic bodies among the tumor cells are positive for th
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present one have been diagnosed as adenosquamous carcinoma. A re-
view of the literature, however, revealed that there have been no case re-
ports of gastric adenosquamous carcinoma suggestive of SCD, and the
present case was considered to be the ﬁrst report as far as we examined.
The molecular mechanism of SCD in visceral carcinoma remains to be
clariﬁed.We recently found that tumor cells around SCNswere character-
ized by beta-catenin(N) in several cases of endometrial adenoacanthoma
with squamoid morule [14] and a case of bladder urothelial carcinoma
(UC) [12], as in cutaneous PMX. On the other hand, endometrial adeno-
carcinoma with conventional squamous metaplasia and bladder UC
with conventional squamous differentiation were characterized by beta-
catenin(M) [12,14]. These results indicate that SCNs are derived from
the cells with beta-catenin(N). The present case also revealed beta-
catenin(N) in the primary andmetastatic tumors, while this ﬁnding is ob-
served in approximately 58% of GC [15]. Beta-catenin(M) is more fre-
quently found in intestinal type of GC rather than diffuse type after
Lauren's classiﬁcation. Moreover, the background mucosa of GC, such as
Helicobacter pylori-induced gastritis or intestinalmetaplasia, also revealed
beta-catenin(N), whichmay play a signiﬁcant role in gastric carcinogene-
sis [15]. These ﬁndings suggest that beta-catenin(N) alone is not enough
for SCD, and other factor(s) may be necessary. Further studies as well as
collections of cases similar to the present one are needed.
The modes of cell death in various tumors are quite complicated. Al-
though the molecular classiﬁcation/deﬁnition proposed by the Nomencla-
ture Committee on Cell Death (NCCD) [16] is clear and convincing, it is not
easily applied to lesions in routine pathological specimens. Furthermore,
SCD is not described in the NCCD classiﬁcation/deﬁnition. SCD is regarded
as a variant of keratinization, while it is different from conventional kerati-
nization in terms of beta-catenin and apoptosis-related molecule expres-
sion patterns [12–14]. SCD may correspond to “apoptosis-like
programmed cell death” [13], using the classiﬁcation of cell death by Leist
and Jaattela [17]. In the present case, SCNs also exhibited similar immuno-
histochemical proﬁles to those observed for PMX, as in the carcinomas
from other sites with SCD. On the other hand, SCNs in the present case re-
vealed somewhat different features from PMX and previously reported
cases of carcinoma with SCD, as some squamous components with beta-
catenin(M) were present just adjacent to SCNs and some shadow cells
had apoptotic nuclei. These ﬁndings may suggest that SCD, conventional
keratinization and apoptosis compose a chain of modes of cell death.hadow cell nests). (A) Tumor cells around shadow cell nests shownuclear accumulation of
s are negative for cleaved caspase-3 (B), while partially positive for cleaved lamin A (C) and
ese markers.
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4 T. Nakamura / Human Pathology: Case Reports xxx (2016) xxx–xxxIn conclusion, we presented the ﬁrst case of GCwith SCD. The signif-
icance of beta-catenin(N) in SCD andpositioning of SCD as an apoptosis-
like programmed cell death were reconﬁrmed in the present case. Our
data also suggested that other factor(s) may be necessary for SCD.
Acknowledgements
The author thanks Mr. M. Shimomura, Mr. S. Hokibara, Ms. K. Akahane,
Mr. Y.Hanami andMs.M.Morozumi for their excellent technical assistance.
References
[1] T. Nakamura, A reappraisal on the modes of cell death in pilomatricoma, J. Cutan.
Pathol. 26 (1999) 125–129.
[2] A.M. Hassanein, S.M. Glanz, H.P. Kessler, et al., Beta-catenin is expressed
aberrantly in tumors expressing shadow cells. Pilomatricoma,
craniopharyngioma and calcifying odontogenic cyst, Am. J. Clin. Pathol. 120
(2003) 732–736.
[3] T.M. Ulbright, J.R. Srigley, Dermoid cyst of the testis: a study of ﬁve postpubertal
cases, including a pilomatrixoma-like variant, with evidence supporting its separate
classiﬁcation from mature testicular teratoma, Am. J. Surg. Pathol. 25 (2001)
788–793.
[4] G.C. Alfsen, E.H. Strom, Pilomatrixoma of the ovary: a rare variant of mature terato-
ma, Histopathology 32 (1998) 182–183.
[5] M. Zamecnik, M. Michal, Shadow cell differentiation in tumours of the colon and
uterus, Zentralbl. Pathol. 140 (1995) 421–426.Please cite this article as: T. Nakamura, Gastric carcinoma with shadow cel
(2016), http://dx.doi.org/10.1016/j.ehpc.2016.03.004[6] S. Squillaci, R. Marchione, M. Piccolomini, et al., Uterine endometrioid
adenocarcinoma with extensive pilomatrixoma-like areas, Pathologica 105 (2013)
8–10.
[7] M. Zamecnik, D. Jando, P. Kascak, Ovarian basaloid carcinoma with shadow cell dif-
ferentiation, Case Rep. Pathol. (2014) (ID 391947).
[8] H. Nakayama, A. Kimura, T. Okumichi, et al., Metaplastic shadow cells in rectal ade-
nocarcinoma: report of a case with immunohistochemical study, Jpn. J. Clin. Oncol.
27 (1997) 427–432.
[9] A. Garcia-Escudero, G. Navarro-Bustos, P. Jurado-Escamez, et al., Primary squamous
cell carcinoma of the lung with pilomatricoma-like features, Histopathology 40
(2002) 201–202.
[10] M. Zamecnik, M. Michal, P. Mukensnabl, Pilomatrixoma-like visceral carcinomas,
Histopathology 33 (1998) 395.
[11] M. Zamecnik, M. Michal, P. Mukensnabl, Shadow cells in extracutaneous locations,
Arch. Pathol. Lab. Med. 120 (1996) 426–428.
[12] T. Nakamura, Bladder carcinoma with shadow cell differentiation, Int. J. Clin. Exp.
Pathol. 5 (2012) 840–844.
[13] T. Nakamura, Comparative immunohistochemical analyses on the modes of cell
death/keratinization in epidermal cyst, trichilemmal cyst and pilomatricoma, Am.
J. Dermatopathol. 33 (2011) 78–83.
[14] T. Nakamura, Shadow cell differentiation from squamoid morules in endometrial
adenoacanthoma, Int. J. Clin. Exp. Pathol. 8 (2015) 13120–13124.
[15] F. Zhang, J.M. Tang, L. Wang, et al., Detection of beta-catenin, gastrokine-2 and em-
bryonic stem cell expressed ras in gastric cancers, Int. J. Clin. Exp. Pathol. 3 (2010)
782–791.
[16] L. Galluzzi, I. Vitale, J.M. Abrams, et al., Molecular deﬁnitions of cell death subrou-
tines: recommendations of the Nomenclature Committee on Cell Death 2012, Cell
Death Differ. 19 (2012) 107–120.
[17] M. Leist, M. Jaattela, Four deaths and a funeral: from caspases to alternative mecha-
nisms, Nat. Rev. Mol. Cell Biol. 2 (2001) 589–598.l differentiation in metastatic lymph nodes, Human Path Case Reports
